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  A  method  of  introducing  a  donor  DNA  into  a  strain 
belonging  to  the  genus  Lactobacillus,  comprises  preparing 
spheroplasts  of  the  strain,  encapsulating  donor  DNA  within 
liposomes  to  obtain  DNA-encapsulating-liposomes,  and 
allowing  the  DNA-encapsulating-liposomes  to  fuse  with  the 
spheroplasts  in  the  presence  of  a  fusion  inducing  agent  such 
as  polyethylene  glycol.  The  donor  DNA  may  be  provided  in 
the  form  of  recombinant  DNA  molecules  prepared  as  a  vector 
having  inserted  therein  suitable  phage  DNA,  plasmid  DNA  or 
heterogenic  DNA  retaining  useful  genetic  information.  Exam- 
ples  of the  phage  DNA  include  the  DNA  of the  virulent  phage 
J1  and  the  DNA  of  the  temperate  phage  φFSW  selectively 
retained  in  the  genus  L.  casei. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   t o  a   m e t h o d   of  i n t r o d u c i n g  

a  d o n o r   d e o x y r i b o n u c l e i c   a c i d   i n t o   a  m i c r o o r g a n i s m ,   p a r t i c u -  

l a r l y   i n t o   a  s t r a i n   b e l o n g i n g   t o   t h e   g e n u s   L a c t o b a c i l l u s ,  

u s i n g   a  l i p o s o m e   w i t h i n   w h i c h   t h e   d o n o r   d e o x y r i b o n u c l e i c   a c i d  

( h e r e i n a f t e r   r e f e r r e d   to   as  DNA)  i s   e n c a p s u l a t e d .  

V a r i o u s   a t t e m p t s   h a v e   t h u s   f a r   b e e n   made  in  q u e s t   o f  

g e n e t i c   e n g i n e e r i n g   t e c h n i q u e s   t o   h a v e   d o n o r   DNA's  i n t r o d u c e d  

i n t o   h o s t   m i c r o o r g a n i s m s .   T h e s e   t e c h n i q u e s   a r e   b a s i c a l l y  

b r o k e n   down  to   t h r e e   m a j o r   c a t e g o r i e s .   One  m e t h o d   i s   t o   u s e  

c o m p e t e n t   c e l l s   as  t h e   h o s t   and  t o   h a v e   a  d o n o r   DNA  i n t r o d u c e d  

d i r e c t l y   i n t o   t h e   h o s t   c e l l s ,   and   a n o t h e r   m e t h o d   i s   to   a l s o  

use   c o m p e t e n t   c e l l s   as  t h e   h o s t   and   to   have   t h e   h o s t   c e l l s  

f u s e d  w i t h   l i p o s o m e s   h a v i n g   a  d o n o r   DNA  e n c a p s u l a t e d   t h e r e i n .  

The  t h i r d   m e t h o d   i s   to   u se   c e l l s   i n   t h e   fo rm  of   s p h e r o p l a s t s  

as  t he   h o s t   c e l l s   and  to  h a v e   a  d o n o r   DNA  i n t r o d u c e d   d i r e c t l y  

i n t o   t h e   h o s t   c e l l s .  

Each   of  t h e s e   m e t h o d s   i s   a p p l i c a b l e   o n l y   to   l i m i t e d   t y p e s  

of  m i c r o o r g a n i s m s .   Where   i t   i s   d e s i r e d   t o  u s e  c e l l s   o f   a  

s t r a i n   of  t h e   g e n u s   L a c t o b a c i l l u s   as  t h e  h o s t  c e l l s   in   p a r t i -  

c u l a r ,   d i f f i c u l t i e s   h a v e   b e e n   e n c o u n t e r e d  i n   i n t r o d u c i n g   a  

d o n o r   DNA  i n t o   t h e   c e l l s   of   t h e   p a r t i c u l a r   s t r a i n .  T h u s ,  

t h e r e   have   b e e n   no  r e p o r t s   e v i d e n c i n g  s u c c e s s  i n   i n t r o d u c i n g  

a  d o n o r   DNA  i n t o   c e l l s   of   a  c u l t u r e   b e l o n g i n g   t o   t h e   g e n u s  

L a c t o b a c i l l u s .  

One  of   t h e   m a j o r   r e a s o n s  w h i c h   a c c o u n t   f o r   t h e   d i f f i -  

c u l t i e s   of   i n t r o d u c i n g   a  d o n o r   DNA  i n t o   a  c u l t u r e   of   t h e   g e n u s  

L a c t o b a c i l l u s   i s   t h a t   t h e   s t a t e  o f   t h e   c o m p e t e n t   c e l l s   of  a  

s t r a i n   of  t h e   g e n u s   i s   n o t   k n o w n .   For   t h i s   r e a s o n ,   t h e   f i r s t  



two  of  t h e   a b o v e   m e n t i o n e d   t h r e e   m e t h o d s   a r e   n o t   o p e r a b l e   f o r  

t h e   i n t r o d u c t i o n   of   a  d o n o r   DNA  i n t o   t h e   c o m p e t e n t   c e l l s   of  a  

s t r a i n   b e l o n g i n g   to   t h e   g e n u s   L a c t o b a c i l l u s .   A n o t h e r   r e a s o n  

i s   t h a t   i t   has   b e e n   d e e m e d   d i f f i c u l t   to   p r e p a r e   s p h e r o p l a s t  

c e l l s   of  a  s t r a i n   of   t h e   g e n u s   L a c t o b a c i l l u s ,   f o r m i n g   a  b a r   t o  

an  a p p r o a c h   t o w a r d   t h e   a d o p t i o n   of  t h e   t h i r d   m e t h o d .   A  t h i r d  

b a r r i e r   to   i n t r o d u c t i o n   of   a  d o n o r   DNA  i n t o   a  s t r a i n   of  t h e  

g e n u s   L a c t o b a c i l l u s   r e s u l t s   f rom  t h e   p r o p e r t y   of   t h e   s t r a i n   b y  

w h i c h   i t   s e c r e t e s   a  l a r g e   q u a n t i t y   of   d e o x y r i b o n u c l e a s e   w h i c h  

d e s t r o y s   t h e   d o n o r   DNA  to   be  i n t r o d u c e d   i n t o   t h e   s t r a i n   of   t h e  

g e n u s   L a c t o b a c i l l u s .  

For   t h e s e   r e a s o n s   w h i c h   a r e   i n t r i n s i c   in  s t r a i n s   of  t h e  

g e n u s   L a c t o b a c i l l u s ,   i t   ha s   b e e n   c o n s i d e r e d   d i f f i c u l t   to   h a v e  

a  d o n o r   DNA  i n t r o d u c e d   d i r e c t l y   or   w i t h   t h e   a i d   of  l i p o s o m e s  

i n t o   a  s t r a i n   b e l o n g i n g   to   t h e   g e n u s   L a c t o b a c i l l u s .   D e v e l o p -  

m e n t   of  a  t e c h n i q u e   t o   p e r m i t   i n t r o d u c t i o n   of  a  d o n o r   DNA  i n t o  

a  s t r a i n   of  t h e   g e n u s   L a c t o b a c i l l u s ,   h o w e v e r ,   wou ld   b e  

v e r y   u s e f u l   in   t h e   r e l a t e d   f i e l d  o f   i n d u s t r y   p a r t i c u l a r -  

ly  in  t h e   a r t   of  m a n u f a c t u r i n g   f e r m e n t e d   m i l k   p r o d u c t s .  

I t   i s ,   a c c o r d i n g l y ,   an  i m p o r t a n t   o b j e c t   of  t h e   p r e s e n t  

i n v e n t i o n   to   p r o v i d e   a  m e t h o d   of  i n t r o d u c i n g   a  d o n o r   DNA  i n t o  

a  s t r a i n   b e l o n g i n g   t o   t h e   g e n u s   L a c t o b a c i l l u s .  

I t   i s   a n o t h e r   i m p o r t a n t   o b j e c t . o f   t h e   p r e s e n t   i n v e n t i o n  

to   p r o v i d e   a  m e t h o d   of  i n t r o d u c i n g   i n t o   a  s t r a i n   b e l o n g i n g   t o  

t h e   g e n u s   L a c t o b a c i l l u s   a  b a c t e r i o p h a g e   as  a  d o n o r   DNA  w h i c h  

h a s   b e e n   t r a p p e d   in   a  l i p o s o m e .  

In  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   t h e r e   i s  

p r o v i d e d   a  m e t h o d   o f   i n t r o d u c i n g  a   d o n o r   DNA  i n t o   a  s t r a i n  



b e l o n g i n g   to   t h e   g e n u s   L a c t o b a c i l l u s ,   c o m p r i s i n g   p r e p a r i n g  

s p h e r o p l a s t s   of  t h e   s t r a i n ,   e n c a p s u l a t i n g   d o n o r   DNA  w i t h i n  

l i p o s o m e s   to   o b t a i n   D N A - e n c a p s u l a t i n g - l i p o s o m e s ,   and  a l l o w i n g  

t h e   D N A - e n c a p s u l a t i n g - l i p o s o m e s   to   f u s e   w i t h   t h e   s p h e r o p l a s t s  

in  t he   p r e s e n c e   of   a  f u s i o n   i n d u c i n g   a g e n t .   I t  

s h o u l d   be  b o r n e   in  mind  t h a t   t h e   " s p h e r o p l a s t s "   h e r e i n  

r e f e r r e d   to   i n c l u d e   n o t   o n l y   s p h e r o p l a s t s   in   t h e   s t r i c t  

s e n s e   of  t h e   t e r m   b u t   a l s o   p r o t o p l a s t s   of  any  s t r a i n   of   t h e  

g e n u s   L a c t o b a c i l l u s .  

The  s p h e r o p l a s t s   of   t h e   s t r a i n   o f   t h e   g e n u s   L a c t o b a c i l l u s  

u s e d   as  t h e   h o s t   can  be  p r e p a r e d   a d v a n t a g e o u s l y   by  t h e   m e t h o d  

of  T o m o c h i k a   e t   a l   (K.  T o m o c h i k a ,   M.  F u n a b a s h i ,   A.  N a g a t a ,   T .  

F u j i i   and  Y.  K a n e m a s a ,   J p n .   J .   B a c t e r i o l . ,   V o l .   37 ,   p a g e s   7 7 7  

to  785 ,   1 9 8 2 ) .  

E n c a p s u l a t i o n   of  t h e   d o n o r   DNA  w i t h i n   t h e   l i p o s o m e s   m a y  

be  e f f e c t e d   by  t h e   r e v e r s e - p h a s e   e v a p o r a t i o n   m e t h o d   (F.  S z o k a ,  

J r .   and  D.  P a p a h a d j o p o u l o s ,   P r o c .   N a t l .   Acad .   S c i .   ( U . S . A . ) ,  

Vo l .   75,  p a g e   4 1 9 4 ,   1978)   u s i n g   e g g - y o l k   l e c i t h i n .  

The  f u s i o n   b e t w e e n   t h e   D N A - e n c a p s u l a t i n g - l i p o s o m e s   a n d  

t h e   s p h e r o p l a s t s   i s   e f f e c t e d   in   t h e   p r e s e n c e   o f ,   f o r   e x a m p l e ,  

p o l y e t h y l e n e   g l y c o l   and  as  a  r e s u l t   of   t h e   f u s i o n   t h e r e b e -  

t w e e n ,   t h e   d o n o r   DNA  t r a p p e d   in   t h e   l i p o s o m e s   i s   i n t r o d u c e d  

i n t o   t h e   s p h e r o p l a s t   c e l l s   of  t h e   g e n u s   L a c t o b a c i l l u s .  

P r e f e r r e d   e x a m p l e s   of  t h e   p o l y e t h y l e n e   g l y c o l   u s e d   as  t h e  

f u s i o n   i n d u c i n g   a g e n t   i n c l u d e   p o l y e t h y l e n e   g l y c o l   4 , 0 0 0   a n d  

p o l y e t h y l e n e   g l y c o l   1 , 0 0 0 ,   a l t h o u g h   o t h e r   t y p e s   of   f u s i o n  

i n d u c i n g   a g e n t   may  be  u t i l i z e d .  



The  p r o d u c t   of   f u s i o n ,   v i z .   t h e   s p h e r o p l a s t s   f u s e d   w i t h  

t h e   l i p o s o m e s   h a v i n g   t h e   d o n o r   DNA  e n c a p s u l a t e d   t h e r e i n , m a y   b e  

c u l t u r e d   in  a  s u i t a b l e   h y p e r   medium  so  t h a t   t h e   g e n e t i c  

i n f o r m a t i o n   r e t a i n e d   in  t he   d o n o r   DNA  i s   e x p r e s s e d   w i t h i n   t h e  

s p h e r o p l a s t   c e l l s   of  t h e   s t r a i n  o f   t h e   g e n u s   L a c t o b a c i l l u s .  

The  d o n o r   DNA  to   be  u s e d   in   t he   m e t h o d   a c c o r d i n g   to  t h e  

p r e s e n t   i n v e n t i o n   may  be  p r o v i d e d   in  t h e   f o rm  of   r e c o m b i n a n t  

DNA  m o l e c u l e s   p r e p a r e d   as  a  v e c t o r   h a v i n g   i n s e r t e d   t h e r e i n  

s u i t a b l e   p h a g e   DNA,  p l a s m i d   DNA  or   h e t e r o g e n i c   D N A ,  r e t a i n i n g  

d e s i r e d   g e n e t i c   i n f o r m a t i o n .   In  t h i s   i n s t a n c e ,   i t   i s   a d v i s -  

a b l e   t h a t   t h e   r e c o m b i n a n t   DNA  m o l e c u l e s   be  s e l e c t e d   to   h a v e   a  

r e l a t i v e l y   s m a l l   m o l e c u l a r   w e i g h t   w h i c h   i s   e a s y   to   be  t r a p p e d  

w i t h i n   l i p o s o m e s   a l t h o u g h   DNA  m o l e c u l e s   w i t h   a  m o l e c u l a r  

w e i g h t   of   t h e   o r d e r   of   2 .7   x  107  a r e   o p e r a b l e .   P r e f e r r e d  

e x a m p l e s   of  t h e   p h a g e   DNA  i n c l u d e   t h e   DNA  of   t h e   v i r u l e n t  

p h a g e   J l   and  t h e   t e m p e r a t e   p h a g e   6FSW  s e l e c t i v e l y   r e t a i n e d   i n  

t h e   s p e c i e s   L a c t o b a c i l l u s   c a s e i   a l t h o u g h   any  o t h e r   t y p e s   o f  

p h a g e   DNA's  a r e   o p e r a b l e   f o r   c a r r y i n g   o u t   t h e   p r e s e n t  

i n v e n t i o n .  

The  t r a n s f o r m a n t   o b t a i n e d   by  i n t r o d u c i n g   t h e   d o n o r   DNA 

i n t o   t h e   s p h e r o p l a s t   c e l l s   of  t h e   L a c t o b a c i l l u s   may  be  d e -  

t e c t e d   by  a  m e t h o d   w h i c h   i s   o r d i n a r i l y   u s e d   f o r   t h e   d e t e c t i o n  

of   a  t r a n s f o r m a n t   in   t h e   c o n v e n t i o n a l   g e n e t i c   e n g i n e e r i n g  

t e c h n i q u e s   u s i n g ,   f o r   e x a m p l e ,   a  d o n o r   DNA  h a v i n g   a  s u i t a b l e  

g e n e t i c   m a r k e r   r e t a i n e d   t h e r e i n .  

The  i n v e n t i o n   i s   i l l u s t r a t e d   by  t h e   f o l l o w i n g   E x a m p l e s .  

E x a m p l e  1  



1.  P r o p a r a t i o n   of  S p h e r o p l a s t s  

S t r a i n   YIT9031  of  t h e   s p a c i e s   L.  c a s e i   was  u s e d   as  t h e  

h o s t   in  E x a m p l e   1.  The  h o s t   s t r a i n   was  c u l t u r e d   in  2 5 0  

m i l l i l i t e r s   of  m o d i f i e d   "de  V r i e s "   med ium  c o n s i s t i n g ,   p e r  

l i t e r ,   of  t h e   f o l l o w i n g   c o n s t i t u e n t s :  

Of  t h e s e   c o n s t i t u e n t s ,   g l u c o s e ,   M g S 0 4 . 7 H 2 0   and  MnSO4.4H2O  w e r e  

r e s p e c t i v e l y   s t e r i l i z e d   in  d i f f e r e n t   a u t o c l a v e s   and  we re   a d d e d  

in  t he   above   m e n t i o n e d   p r o p o r t i o n s   to  t h e   o t h e r   c o n s t i t u e n t s .  

The  m o d i f i e d   "de  V r i e s "   med ium  t h u s   p r e p a r e d   was  a d j u s t e d   to  a  

f i n a l   pH  v a l u e   of  6 . 8 .  

The  c u l t i v a t i o n   was  c a r r i e d   ou t   a t   37°C  u n d e r   s t a t i c  

c o n d i t i o n s .   The  g r o w t h   of  t h e   c e l l s   of   t h e   s t r a i n   YIT9031   w a s  

c o n t i n u o u s l y   m o n i t o r e d   t h r o u g h   d e t e c t i o n   of  t h e   v a r i a t i o n   i n  

t h e   o p t i c a l   d e n s i t y   ( h e r e i n   d e n o t e d   as  OD650)  of  t h e   c l u m p   a t  

t h e   w a v e l e n g t h   of   650  n a n o m e t e r s   u n t i l   t h e   OD650  r e a d i n g s  

r e a c h e d   a  v a l u e   i n d i c a t i n g   t h a t   8  x  108  c e l l s   w e r e   g rown   p e r  

m i l l i l i t e r   of  t h e   c u l t u r e   med ium.   The  c e l l s   t h u s   g rown  in  t h e  

m o d i f i e d   "de  V r i e s "   med ium  w e r e   h a r v e s t e d ,   w a s h e d   t h r e e   t i m e s  

e a c h   in  30  m i l l i l i t e r s   of  20  mM  p o t a s s i u m   p h o s p h a t e   b u f f e r  



(pH:  5 . 8 )   and  s u s p e n d e d   in  a  20  mM  p o t a s s i u m   p h o s p h a t e   b u f f e r  

c o n t a i n i n g   an  a d d i t i v e   of  30  m i l l i l i t e r s   of  1  M  s u c r o s e   to  a n  

o p t i c a l   d e n s i t y   OD650  of  0 . 3 .   To  t h e   r e s u l t a n t   s u s p e n s i o n   w a s  

a d d e d   N - a c e t y l m u r a m i d a s e   M1  ( c o m m e r c i a l l y   a v a i l a b l e   a s  

" N - A c e t y l m u r a m i d a s e   SG"  f rom  D a i n i p p o n   P h a r m a c e u t i c a l   C o . ,  

L t d . ,   O s a k a ,   J a p a n )   in  a  q u a n t i t y   w h i c h   r e s u l t e d   in  a  f i n a l  

c o n c e n t r a t i o n   of   3  m i c r o g r a m s   p e r   m i l l i l i t e r .   The  p r e p a r a t i o n  

t h u s   o b t a i n e d   was  g e n t l y   s h a k e n   a t   37°C  f o r   20  m i n u t e s   t o  

i n c u b a t e   t h e   c e l l s   t h e r e i n   and  was  t h e r e a f t e r   s u b j e c t e d   t o  

c e n t r i f u g a t i o n   a t   9000  x  g  f o r   15  m i n u t e s .   A  p e l l e t   w a s  

o b t a i n e d   by  r e m o v i n g   t h e   s u p e r n a t a n t   of  t h e   r e s u l t a n t   p r e p a r a -  

t i o n   by  s u c k i n g   t h e   s u p e r n a t a n t .   The  p e l l e t   was  s u s p e n d e d ,   b y  

s h a k i n g ,   in  0 . 5   m i l l i l i t e r   of  20  mM  p o t a s s i u m   p h o s p h a t e   b u f f e r  

(pH:  5 . 8 )   c o n t a i n i n g   1  p e r c e n t   (W/V)  b o v i n e   s e r u m   a l b u m i n ,   10  

p e r c e n t   (V/V)  e q u i n e   s e r u m   and  1  M  s u c r o s e ,   r e s u l t i n g   in  a  

s u s p e n s i o n   c o n t a i n i n g   s t e r o p l a s t s   of  t h e   s t r a i n   YIT9031   in   a  

d e n s i t y   of  109  c e l l s   p e r   m i l l i l i t e r .   As  t o   t h e   N - a c e t y l -  

m u r a m i d a s e   M1  h e r e i n   u s e d ,   r e f e r e n c e   may  be  made  to   K.  Y o k o -  

gawa,   S.  K a w a t a ,   T.  T a k e m u r a   and  Y.  Y o s h i m u r a ,   A q r i c .   B i o l .  

Chem,  Vo l .   37,   p a g e s   7 9 9 - 8 0 8 ,   1 9 7 3 ,   T o k y o .  

2.  P r e p a r a t i o n   of  L i p o s o m e   E n c a p s u l a t i n g   DNA 

A  d o n o r   DNA  was  p r e p a r e d   u s i n g   t h e   v i r u l e n t   p h a g e  

J1  p e c u l i a r   to   t h e   s p e c i e s   L.  c a s e i   by  t h e   m e t h o d   t a u g h t   b y  

K h o s a k a   (T.  K h o s a k a ,   J .   Gen.  V i r o l . ,   Vo l .   37,   p a g e s   2 0 9 - 2 1 4 ,  

1 9 7 7 ) .   For   t h i s   p u r p o s e ,   t h e   J1  p h a g e   DNA  was  t r a n s f o r m e d  

i n t o   t h e   s t r a i n   L.  c a s e i   YIT9031   and  was  t h e r e i n   i n c u b a t e d   t o  

c a u s e   l y s i s   of   t h e   h o s t   c e l l s .   The  r e s u l t a n t   l y s a t e   w a s  

t r e a t e d   w i t h   d e o x y r i b o n u c l e a s e   ( w h i c h   may  be  s u b s t i t u t e d   b y  



r i b o n u c l e a s e )   to   d e c o m p o s e   t h e   f r e e   n u c l e i c   a c i d s   c o n t a i n e d   i n  

t h e   l y s a t e .   The  p r e p a r a t i o n   t h u s   o b t a i n e d   was  m i x e d   w i t h  

p o l y e t h y l e n e   g l y c o l   to   c o n d e n s e   t h e   p h a g e   p a r t i c l e s   t h e r e i n .  

The  c o n d e n s e d   p h a g e   p a r t i c l e s   w e r e   p u r i f i e d   by  t h e   k n o w n  

c e s i u m - c h l o r i d e   d e n s i t y - g r a d i e n t   c e n t r i f u g a t i o n   m e t h o d  

f o l l o w e d   by  a  p h e n o l   e x t r a c t i o n   p r o c e s s ,   t h e r e b y   p r o d u c i n g   a  

s o l u t i o n   c o n t a i n i n g   t h e   J l   p h a g e   DNA. 

L i p o s o m e s   h a v i n g   t h e   J1  p h a g e   DNA  t r a p p e d   t h e r e i n   w e r e  

p r e p a r e d   by  t h e   known  r e v e r s e - p h a s e   e v a p o r a t i o n   m e t h o d   ( F .  

S z o k a ,   J r .   and  D.  P a p a h a d j o p o u l o s ,   P r o c .   N a t l .   A c a d .  S c i .  

( U . S . A . ) ,   V o l .   75 ,   page   4 1 9 4 ,   1 9 7 8 ) .   F o r   t h i s   p u r p o s e ,   6 4 . 5  

m i l l i g r a m s   of   e g g - y o l k   l e c i t h i n   and  2 1 . 5   m i l l i g r a m s   of   e g g -  

y o l k   l e c i t h i n   p a r t i a l l y   h y d r o l y z e d   w i t h   p h o s p h o l i p a s e   D  w e r e  

s u f f i c i e n t l y   d r i e d   u n d e r   a  s u b a t m o s p h e r i c   p r e s s u r e   o f   1  mm  o f  

Hg  and  w e r e   t h e r e u p o n   d i s s o l v e d   in   3  m i l l i l i t e r s   of   d i e t h y l -  

e t h e r .   The  d e t a i l s   of  t h e   l a t t e r   e g g - y o l k   l e c i t h i n   a r e  

d i s c l o s e d   in   P h o s p h o l i p i d s ,   p a g e s   9 2 - 9 3 ,   E l s e v i e r   P u b l i s h i n g  

C o . ,   1964 ,   New  Y o r k .   To  t h e   r e s u l t a n t   s o l u t i o n   w e r e   a d d e d   ( 1 )  

0 .6   m i l l i l i t e r   o f  5   mM  N - 2 - h y d r o x y e t h y l   p i p e r a z i n e - N ' - 2 - e t h a n e  

s u l f o n i c   a c i d   (HEPES)  b u f f e r   c o n t a i n i n g   50  mM  N a C l ,   50  mM  KC1 

and  0 .1   mM  s o d i u m   e t h y l e n e d i a m i n e t e t r a a c e t i c   a c i d   (EDTA)  a n d  

(2)  0 .4   m i l l i l i t e r   of  DNA  b u f f e r   (pH:  7 . 4 )   c o n s i s t i n g   of   10  mM 

T r i s - H C 1   and  0 .1   mM  EDTA  in  a d d i t i o n   to   82  m i c r o g r a m s   of   t h e  

p h a g e   D N A - c o n t a i n i n g   s o l u t i o n   p r o d u c e d   as  d e s c r i b e d   a b o v e .  

The  m i x t u r e   of   t h e s e   w a s ,   upon   v o r t i c a l   s h a k i n g ,   s u b j e c t e d   t o  

s o n i c a t i o n   f o r   15  s e c o n d s   a t   0°C,   w h e r e u p o n   e t h e r   was  r e m o v e d  

f rom  t h e   s o n i c a t e d   m i x t u r e   a t   25°C  u n d e r   a  s u b a t m o s p h e r i c  

p r e s s u r e   of  400  mm  of  Hg  by  r o t a r y   e v a p o r a t i o n   a t   200  rpm.  I n  



a p p r o x i m a t e l y   8  m i n u t e s   a f t e r   t h e   e v a p o r a t i o n   p r o c e s s ,   0 . 5  

m i l l i l i t e r   of  the   a f o r e s a i d   HEPES  b u f f e r   was  a d d e d   to  t h e  

r e s u l t a n t   p r e p a r a t i o n ,   w h i c h   was  t h e n   s u b j e c t e d ,   upon  s h a k i n g ,  

to   a  s e c o n d   e v a p o r a t i o n   p r o c e s s   a t   25°C,   700  mm  of  Hg  and  2 0 0  

rpm  f o r   more  t h a n   30  m i n u t e s   to  t h o r o u g h l y   r e m o v e   t he   r e s i d u a l  

e t h e r   t h e r e f r o m .  

The  c r u d e   l i p o s o m e   s u s p e n s i o n   o b t a i n e d   in   t h i s   way  

was  d i l u t e d   w i t h   1  m i l l i l i t e r   of  0 .4   mM  m a n n i t o l   (T.  N a g a t a ,  

Kagaku   to   S e i b u t s u   ( C h e m i s t r y   and  B i o l o g y ) ,   V o l .   20,  p a g e s  

1 7 7 - 1 8 4 ,   1982 ,   Tokyo)   and  t h e   r e s u l t a n t   s o l u t i o n   was  c o n t i n u -  

o u s l y   f i l t e r e d   t h r o u g h  U n i - P o r e   f i l t e r s   w i t h   t h e   p o r e   s i z e s   o f  

3  and  4  m i c r o m e t e r s   (F.  O l s o n ,   C.A.  H u n t ,   F . C .   S z o k a ,   W . J .  

V a i l   and  D.  P a p a h a d j o p o u l o s ,   B i o c h i m .   B i o p h y s .   A c t a . ,   V o l .  

5 5 7 ,   page   9,  1 9 7 9 ) .   L i p o s o m e s   h a v i n g   t h e   J1  p h a g e   DNA  e n c a p -  

s u l a t e d   t h e r e i n   w e r e   t h u s   o b t a i n e d   in   t h e   f o r m   of   a  a u s p e n -  

s i o n .  

3.  F u s i o n   of  S t e r o p l a s t   C e l l s   and  L i p o s o m e s  

F i v e   m i c r o l i t e r s   of   t h i s   l i p o s o m e   s u s p e n s i o n   was  m i x e d  

w i t h   55  m i c r o l i t e r s   of   t h e   f r e s h   s u s p e n s i o n   of   t h e  

s p h e r o p l a s t s   of  t h e   s t r a i n   YIT9031  p r e p a r e d   as  d e s c r i b e d  

a b o v e .   The  m i x t u r e   was  p r e i n c u b a t e d   a t   37°C  f o r   30  m i n u t e s ,  

f o l l o w e d   by  a d d i t i o n   t h e r e t o   of   140  m i c r o l i t e r s   o u t   of  a  t o t a l  

of   28  m i l l i l i t e r s   of  p o l y e t h y l e n e   g l y c o l   s o l u t i o n   c o n s i s t i n g  

of   20  g r a m s   of  p o l y e t h y l e n e   g l y c o l   4 , 0 0 0 ,   1 . 4   m i l l i l i t e r   of  2 0  

p e r c e n t   (W/V)  b o v i n e   s e r u m   a l b u m i n ,   2 .8   m i l l i l i t e r   of   e q u i n e  

s e r u m   and  5 .8   m i l l i l i t e r   of  4  mM  HEPES  (pH:  7 . 4 ) .   The  m i x t u r e  

was  i n c u b a t e d   a t   37°C  f o r   2  m i n u t e s   to   c a u s e   f u s i o n   b e t w e e n  

t h e   s p h e r o p l a s t   c e l l s   and  t he   l i p o s o m e s   h a v i n g   t h e   J1  p h a g e  



DNA  e n c a p s u l a t e d   t h e r e i n .  

4.  D e t e c t i o n   of  J l   P h a g e   DNA  I n t r o d u c e d   C e l l s  

The  s o f t   a g a r   m e t h o d   f o r   p h a g e   d e t e c t i o n   (Mark  H.  A d a m s ,  

B a c t e r i o p h a g e ,   p a g e s   4 5 4 - 4 5 6 ,   W i l e y   I n t e r s c i e n c e ,   New  Y o r k )  

was  e m p l o y e d   to   d e t e c t   t h e   h o s t   s p h e r o p l a s t   c e l l s   i n t o   w h i c h  

t h e   J l   p h a g e   DNA  was  i n t r o d u c e d .  

For   t h i s   p u r p o s e ,   200  m i c r o l i t e r s   of   t h e   m i x e d   s o l u t i o n  

of   t h e   s p h e r o p l a s t   c e l l s   f u s e d   w i t h   t h e   l i p o s o m e s   o b t a i n e d   a s  

d e s c r i b e d   a b o v e   was  a d d e d   to   1 .8   m i l l i l i t e r s  o f  M R T   p h a g e  

g r o w t h   medium  (A.  M u r a t a ,   A g r i c .   B i o l .   C h e m . ,   V o l .   35,   p a g e  

667)  c o n s i s t i n g   of  1  M  s u c r o s e ,   1  p e r c e n t   (W/V)  b o v i n e   s e r u m  

a l b u m i n ,   10  p e r c e n t   (W/V)  e q u i n e   s e r u m   and   20  mM  T r i s - m a l e a t e  

b u f f e r   (pH:  6 . 4 )   in   a d d i t i o n   t o ,   f o r   1  l i t e r   of   t h e   g r o w t h  

m e d i u m ,   t h e   f o l l o w i n g   c o n s t i t u e n t s :  

The  r e s u l t a n t   m i x t u r e   was  f u r t h e r   i n c u b a t e d   a t   37°C  f o r   3 

h o u r s   to   p e r m i t   gene   e x p r e s s i o n   of  t h e   J l   p h a g e   DNA  i n t r o d u c e d  

i n t o   t h e   h o s t   DNA.  To  1  m i l l i l i t e r   of   t h e   m i x t u r e   t h u s  



p r e p a r e d   w e r e   a d d e d   5  m i l l i l i t e r   of  L,  c a s e i   s t r a i n   Y I T 9 0 3 1  

s o l u t i o n   c o n t a i n i n g   a p p r o x i m a t e l y   109  c e l l s   pe r   m i l l i l i t e r   a n d  

9  m i l l i l i t e r s   of   0.6  p e r c e n t   (W/V)  MRT  s o f t   a g a r   s o l u t i o n  

c o n t a i n i n g   0 .5   M  s u c r o s e .   The  p r o d u c t   was  i n c u b a t e d   on  an  MRT 

a g a r   s t u b   a t   37°C  f o r   24  h o u r s .  

The  s o f t   a g a r   m i x t u r e   o b t a i n e d   in  t h i s   way  w a s  

a p p l i e d   on  an  MRT  a g a r   s t u b   and  was  a s s a y e d   by  c o u n t i n g   t h e  

p l a q u e s   c r e a t e d   on  t h e   s t u b   as  a  r e s u l t   of  t h e   i n c u b a t i o n ,  

r e v e a l i n g   t h a t   t h e   p l a q u e - f o r m i n g   u n i t s   (PFU)  on  t h e   s o f t   a g a r  

m i x t u r e   was  150  p e r   m i l l i l i t e r   o f   t h e   m i x t u r e .   T h i s   m e a n s  

t h a t   the   f r e q u e n c y   a t   w h i c h   t h e   J1  p h a g e   DNA  i s   c a p a b l e   o f  

t r a n s f o r m i n g   t h e   h o s t   s p h e r o p l a s t s   and   e x p r e s s i n g   t h e   g e n e t i c  

i n f o r m a t i o n   t h e r e o f   i s   7  x  10-8   p e r   m o l e c u l e   of   t h e   J1  p h a g e  

DNA,  in  c o n s i d e r a t i o n   of  t h e   f a c t   t h a t   t h e   1  m i l l i l i t e r   of   t h e  

s o f t   a g a r   m i x t u r e   c o n t a i n s   2 .5   m i c r o l i t e r s   of  l i p o s o m e  

s o l u t i o n   ( w h i c h   c o n t a i n s   0 .1   m i c r o g r a m   or  l e s s   of   DNA)  a n d  

t h a t   t he   m o l e c u l a r   w e i g h t   of  t h e   J1  p h a g e   DNA  i s   2 .7   x  1 0 7 .  

Example   2 

S t r a i n   YIT9031   of  t h e   s p e c i e s   L.  c a s e i   w a s  a g a i n  u s e d   a s  

t he   h o s t   and  was  p r o c e s s e d   i n t o   s p h e r o p l a s t   c e l l s   in  a  w a y  

s i m i l a r   t o   t h a t   of  E x a m p l e   1.  A  d o n o r   DNA  was  p r e p a r e d  

u s i n g   t h e   t e m p e r a t e   p h a g e   φFSW  ( A p p l .   E n v i r o n .   M i c r o b i a l . ,  

Vo l .   39,  p a g e s   4 7 2 - 4 7 6 )   of  t h e   s p e c i e s   L.  c a s e i   and  l i p o s o m e s  

h a v i n g   t h e   φFSW  p h a g e   D N A  t r a p p e d   t h e r e i n   w e r e   p r e p a r e d   i n  

a  way  e s s e n t i a l l y   s i m i l a r   to   t h a t   u s e d   in   E x a m p l e   1.  T h e  

φFSW  p h a g e   DNA  s u c c e s s f u l l y   t r a n s f o r m e d   t h e   s p h e r o p l a s t   c e l l s  

of   t he   s t r a i n   Y I T 9 0 3 1 ,   c a u s i n g   l y s i s   of   t h e   h o s t   s p h e r o p l a s t  

c e l l s .   The  r e s u l t a n t   l y s a t e   w a s ' t r e a t e d   w i t h   d e o x y r i b o n u c l e -  



a s e   or   r i b o n u c l e a s e   and  t h e   p r e p a r a t i o n   t h u s   o b t a i n e d   w a s  

m i x e d   w i t h   p o l y e t h y l e n e   g l y c o l   to   c o n d e n s e   t h e   p h a g e   p a r t i c l e s  

t h e r e i n   and  r e m o v e   t h e   f r e e   n u c l e i c   a c i d s   c o n t a i n e d   in  t h e  

l y s a t e .   The  c o n d e n s e d   p h a g e   p a r t i c l e s   w e r e   p u r i f i e d   by  t h e  

c e s i u m - c h l o r i d e   d e n s i t y - g r a d i e n t   c e n t r i f u g a t i o n   m e t h o d   f o l -  

l owed   by  a  p h e n o l   e x t r a c t i o n   p r o c e s s ,   t h e r e b y   p r o d u c i n g   a  

s o l u t i o n   c o n t a i n i n g   t h e   φFSW  p h a g e   DNA.  A  s o f t   a g a r   m i x t u r e  

was  p r e p a r e d   f r o m   t h i s   s o l u t i o n   in   a  way  s i m i l a r   to   t h a t  

u s e d   in   E x a m p l e   1  and   was  a s s a y e d ,   a l s o   by  t h e   s o f t   a g a r  

m e t h o d ,   f o r   t h e   n u m b e r   of  t h e   s p h e r o p l a s t   c e l l s   w h i c h   w e r e  

t r a n s f o r m e d   w i t h   t h e   6FSW  p h a g e   DNA.  The  r e s u l t s   o f   t h e  

a s s a y s   showed   t h a t   t h e   φFSW  p h a g e   DNA  i s   a l s o   c a p a b l e   o f  

t r a n s f o r m i n g   t h e   h o s t   s p h e r o p l a s t s   of   t h e  L .   c a s e i   s t r a i n  

YIT9031   to   e x p r e s s   t h e   g e n e t i c   i n f o r m a t i o n   t h e r e o f   a t   a  

f r e q u e n c y   c o m p a r a b l e   w i t h   t h e   f r e q u e n c y   m e n t i o n e d   in   E x a m p l e   1 

in  w h i c h   t h e   J l   p h a g e   DNA  was  u s e d   as  t h e   d o n o r   DNA. 

W h i l e   t h e   s t r a i n   of   t h e   g e n u s   L a c t o b a c i l l u s   u s e d   as  t h e  

h o s t   has   been   e x e m p l i f i e d   by  t h e   s t r a i n   YIT9031  u f   t h e   s p e c i e s  

L.  c a s e i   in  e a c h   of  E x a m p l e s   1  and  2  a b o v e ,   t h i s   i s   s i m p l y   f o r  

t h e   p u r p o s e   of  d e s c r i p t i o n   and  any  of   t h e   o t h e r   s t r a i n s   of  t h e  

p a r t i c u l a r   s p e c i e s   or   any  of  t h e   s t r a i n s   b e l o n g i n g   to   any  o f  

t h e   o t h e r   s p e c i e s   of   t h e   g e n u s   L a c t o b a c i l l u s   may  be  u s e d   i n  

l i e u   of   t h e   s t r a i n   Y I T 9 0 3 1 .   S i m i l a r l y ,   t h e   J l   p h a g e   DNA  u s e d  

as  t h e   d o n o r   DNA  in  E x a m p l e   1  or  t h e   φFSW  p h a g e   DNA  u s e d   a s  

t h e   d o n o r   DNA  in   E x a m p l e   2  may  be  r e p l a c e d   w i t h   any  o t h e r   t y p e  

of   p h a g e   DNA  or   w i t h   any  t y p e   of  p l a s m i d   DNA  or   h e t e r o g e n i c  

DNA. 

As  w i l l   h a v e   b e e n   a p p r e c i a t e d   f rom  t he   f o r e g o i n g   d e s c r i p -  



t i o n ,   t h e   m e t h o d   a c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n   i s   a p p l i c -  

a b l e   to   r e c o m b i n a n t   DNA  m o l e c u l e s   p r e p a r e d   as  a  s u i t a b l e  

v e c t o r   w h i c h   r e t a i n s   a  DNA  h a v i n g   u s e f u l   g e n e t i c   i n f o r m a t i o n  

t h e r e o n   and   i s   a d a p t e d   to  have   t h e   u s e f u l   g e n e t i c   i n f o r m a t i o n  

e x p r e s s e d   w i t h i n   t h e   c e l l s   o f  a   s t r a i n   b e l o n g i n g   t h e   g e n u s  

L a c t o b a c i l l u s .   T h u s ,   t he   m e t h o d   a c c o r d i n g   to   t h e   p r e s e n t  

i n v e n t i o n   i s   e x p e c t e d   to  p r o v i d e   p o t e n t   t o o l s   f o r   t h e   b r e e d i n g  

and  i m p r o v e m e n t   of  c a l l s   of  s t r a i n s   b e l o n g i n g   to  t h e   g e n u s  

L a c t o b a c i l l u s   and  f o r   u n v e i l i n g   t h e   m e c h a n i s m   t h r o u g h   w h i c h  

t h e   g e n e t i c   i n f o r m a t i o n   r e t a i n e d   by  a  s t r a i n   of  t h e   g e n u s  

L a c t o b a c i l l u s   i s   to   be  e x p r e s s e d .  



1.  A  m e t h o d   of   i n t r o d u c i n g   a  d o n o r   DNA  i n t o   a  s t r a i n  

b e l o n g i n g   to  t h e   g e n u s   L a c t o b a c i l l u s ,   c o m p r i s i n g  

p r e p a r i n g   s p h e r o p l a s t s   of  t h e   s t r a i n ,   e n c a p s u l a t i n g   t h e  

d o n o r   DNA  w i t h i n   l i p o s o m e s   to  o b t a i n   D N A - e n c a p s u l a t i n g -  

- l i p o s o m e s ,   and  a l l o w i n g   t h e   D N A - e n c a p s u l a t i n g - l i p o s o m e s  

to  f u s e   w i t h   t h e   s p h e r o p l a s t s   in   t h e   p r e s e n c e   of   a  f u s i o n  

i n d u c i n g   a g e n t .  

2.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1  in   w h i c h   t h e   f u s i o n  

i n d u c i n g   a g e n t   i s   p o l y e t h y l e n e   g l y c o l .  

3.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1  or  2  in  w h i c h   t h e  

d o n o r   DNA is  r e c o m b i n a n t   DNA  p r e p a r e d   as   a  v e c t o r   h a v i n g  

i n s e r t e d   t h e r e i n   b a c t e r i o p h a g e   DNA. 

4.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1  o r  2   in   w h i c h   t h e  

d o n o r   DNA  i s   r e c o m b i n a n t   DNA  p r e p a r e d   as  a  v e c t o r   h a v i n g  

i n s e r t e d   t h e r e i n   p l a s m i d   DNA. 

5.  A  m e t h o d   a c c o r d i n g   to  c l a i m   3  in   w h i c h   t h e  

b a c t e r i o p h a g e   i s   t he   phage   J l   p e c u l i a r   to  t he   s p e c i e s  

L.  c a s e i .  

6.  A  m e t h o d   a c c o r d i n g   to   c l a i m   3  in   w h i c h   t h e  

b a c t e r i o p h a g e   i s   t he   p h a g e   DFSW  p e c u l i a r   to  t h e   s p e c i e s  

L.  c a s e i .  

7.  A  m e t h o d   a c c o r d i n g   to  c l a i m   3  o r  4   in   w h i c h   t h e  

r e c o m b i n a n t   DNA  has  a  m o l e c u l a r   w e i g h t   o f   up  t o   a b o u t  

2 . 7   x  1 0 7 .  

8.  A  m e t h o d   a c c o r d i n g   to   any  one  of   t h e   p r e c e d i n g  

c l a i m s   in   w h i c h   t h e   s t r a i n   b e l o n g s   to  t he   s p e c i e s  

L.  c a s e i .  

9.  A  m e t h o d   a c c o r d i n g   to   any  one  o f   t h e   p r e c e d i n g  

c l a i m s   in   w h i c h   t h e   s p h e r o p l a s t s   a r e   p r o t o p l a s t s .  

10.   A  m e t h o d   f o r   t he   m a n u f a c t u r e   of   f e r m e n t e d   m i l k  

p r o d u c t s   e m p l o y i n g   a  s t r a i n   b e l o n g i n g   to   t h e   g e n u s  

L a c t o b a c i l l u s   i n t o   w h i c h   a  d o n o r   DNA  has   b e e n  

i n t r o d u c e d   by  a  m e t h o d   c l a i m e d   in   any  one  of  t h e  

p r e c e d i n g   c l a i m s .  
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